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... from integer to non-integer ...
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... from integer to non-integer ...
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Interpolation of operations
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Fractional Order Thinking or In Between Thinking

Examples:

» Between integers there are non-integers

» Between integer dimensions, there are fractal
dimensions

» Between logic 0 and logic 1, there is the fuzzy logic

» Non-Integer order calculus or fractional order
calculus (abuse of terminology)
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Origin of Fractional Calculus

Fractional Calculus was born in 1695
d"f
dit”

What if the
order will be

n="Y7?

It will lead to a
paradox, from which
one day useful
consequences will be

z \ drawn. 2
G.F.A. de L'Hépital G.W. Leibniz
(1661-1704) (1646-1716)
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Origin of Fractional Calculus

Riemann-Liouville definition

1 (c_/j f(D)dr
I'(n—o)\ dt ([_-t)a—n+]

(n—1<0o<n)

G.F.B. Riemann J. Liouville
(1826-1866)  (1809-1882)
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Tissue-like materials (polymers, gels, emulsions, composites and
strain.

suspensions) exhibit power-law responses to an applied stress or
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study of flow properties (rheology) of biological fluids
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Consider an antiderivative of the function f(t), D~1f(t), then

D7 (t) = / t f(x)dx
0

D2f(t) = /0 t / " f(r)drdx
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D2f(t) = /0 t / F(r)dedr

D2f(¢) = /Ot(t—T)f(‘r)dT

Similarly

D" (¢) = // T)dT dr = /0 (_)1)| F(r)dr
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Figure: Evolution of (n,n!)
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nF(t) = ﬁ/o (t— 7)"1F(r)dr

RDaf(t)

D™D~ (M=f(t) =

/ f(r)
_a) t— T)O‘ m+1
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(t) = MM = x(t) = t* 4 x(0)

N Al ()M et
« A—1. —
Dx(t) =At""H0<a<l=x(t)= Tt a) + x(0)

» The integer order system is unstable for all A €]0,1]

the integral)

)
Conclusion: different characteristics (not local due to history of
«Or <« Fr <= < QA
—

» The fractional order system is stable for all A €]0,1 — «f



|Ana}og 1//s using op—amps.l
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Fractional calculus is the
calculus of twenty-first century

for physical system description
and controls.
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Thank you for your attention
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